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Unit overview 
The shaded Module represents the one studied in these materials. 

 

Unit Code Module 

P1 Matter and materials 

P2 Energy 

P3 Useful substances and reactions 

P4 Physical Concepts and Machines 

Physical Science 

P5 Waves 

 

Symbols used in these materials.  

The symbols shown in the table indicate the type of activity to be completed 
while studying this module. 

 

& Read or research 

@  Write or summarise 

F Activity or discussion 

M Safety note 
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Rationale 
P1 Matter and Materials is the first module in chemistry.  It provides students 
with a background about the nature of matter and physical changes.  This 
module also provides opportunities for students to investigate and explain the 
physical changes occurring in both the natural and manufactured environment.   

The teaching and learning strategies should include a range of activities that 
relate directly to common substances and the utilisation of these substances for 
human endeavour, both in a modern and traditional setting.  Activities should 
cater for students' prior knowledge and abilities.  Students should be engaged in 
such a way that they relate the theory directly to their surroundings.   

Objectives 
At the end of this module students should be able to  

(a) explain the meaning of terms atom, element, molecule, compound; 

(b) describe atomic models in terms of protons, neutrons and electrons; 

(c) describe the changes that occur to form ions from atoms; 

(d) perform experiments to demonstrate changes of state; 

(e) differentiate between pure substances and mixtures; 
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Substances and mixtures 
Introduction 
The physical universe is everything we can touch, feel, smell or see. We live in a 
world of ‘things’.  Some things are big, like stars and galaxies, while some are 
so small they need special instruments such as microscopes to see them.  In our 
ordinary scale we have tables and chairs and soccer balls and glasses of water.  
These are objects.   

Substances are the materials they are made from.  A chair is made of wood. 
‘Chair’ is the object.  ‘Wood’ is the substance.  Chairs are held together with 
nails and glue.  ‘Nail’ is an object.  ‘Steel’ is the substance the nail is made from.  
‘Glue’ is a substance.  ‘Water’ is a substance.  A glass of water is an object.  
‘Book’ is an object; ‘paper’ is a substance.  ‘Candle’ is an object; ‘wax’ is a 
substance. 

Some substances are mixtures of other substances.  Milk contains water, lactose 
(milk sugar) and different fats.  Some glue contains cassein and water.  Other 
glues contain chemicals called epoxy resins.  Superglue contains an organic 
chemical called cyanoacrylate dissolved in spirit. 

Some substances mix and others don’t.  Sugar will mix in with water so well you 
cannot see the sugar any more.  It dissolves and is spread throughout the water.  
Oil will not mix with water.  Even if you shake them together, oil and water will 
separate.  With the help of soap or detergent (e.g., Axion©) they will mix.  This 
is explained later. 

Tap water is not a pure substance because it contains traces of minerals and 
gases that give it its taste.  Rainwater is close to being a pure substance but even 
it has some dissolved gases from the atmosphere.   

The proportions of substances in mixtures can vary.  Tea can be made sweeter 
by adding more sugar.  Meat can be made salty by adding salt. 

F Activity 1  Classification of substances 
1  Classify into pure substance or mixture: cement, stone, copper, iron, 

steel, mineral, air, glass, cordial, soap, kaukau, solder, polyester, salt, 
tea, chalk 

2  Classify into object or substance: table, plastic, wire, silver, straw, hat, 
notice board, cork, clay, pot, stainless steel, knife. 

3  Is ‘kofi stret’ (black coffee — no milk or sugar) a pure substance or a 
mixture? 

4  How do freshwater fish show us that water is really a mixture? 
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5  Some words apply to both substances and objects, depending how they 
are used.  For example, bone might be what bones are made from, or a 
particular bone.  Can you think of another example? 

6  Some ‘substances’ are not substances at all but are names that refer to 
a kind of substance.  Many different substances qualify to be included 
in the group. For example, glue is not a substance but any one of many 
different substances that make things stick to each other.  It is a group 
name.  Can you think of another example? 

Physical change and states of matter 
Physical changes 

Changes in appearance are physical changes.  Changes of substance are 
chemical changes. 

When a carver takes a piece of timber and carves it into a mask it has a new 
shape. It is still the same wood.  The substances in the wood have not changed.  
Perhaps a few more substances might have been added if the carver stained the 
wood or gave it a coat of varnish.  Physical change is caused by the physical 
force of cutting wood with carving tools. 

Physical change can also refer to change in state.  Ice melts to form water.  
Water and ice are two forms of the same thing because one can be changed into 
the other and back again simply by heating or cooling.  Water vapour is the 
same substance as water.  The ‘form’ of water vapour is a gas spread through 
the air. 

States of matter 

The three states of matter are solid, liquid and gas.  Freezing, condensation, 
evaporation, boiling, solidifying, melting and sublimation are all physical changes.  
Some substances occur in more than one form.  Changing from one form to the 
other is a physical change. 

• Phosphorus occurs in three forms.  White phosphorus is a waxy solid, which 
is dangerous because it can catch fire when exposed to air (producing 
poisonous phosphorus pentoxide).  Red phosphorus is used to make 
matches and is safe. Black phosphorus forms from white phosphorus under 
heat and pressure. 

• Under extreme pressure carbon can change into industrial diamonds.  
Diamond and carbon are two forms, or allotropes, of the same element. 

• Sulfur exists in several allotropes.  When hot, liquid sulfur is cooled very 
slowly it forms long needle-like crystals called monoclinic sulfur.  If the hot 
liquid sulfur is cooled suddenly (by plunging it into water) it takes a rubbery 
form called plastic sulfur.  Both these forms gradually change into rhombic 
crystals.1 
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F Activity 2. Sublimation 
Sublimation is the process of changing from a solid to a gas and vice versa 
without going through a liquid state in between. In this experiment you will 
observe a solid ‘disappearing’ into air as it is heated (becoming a gas), and then 
crystals forming from the gas when it cools on a glass surface. 

Materials 
• naphthalene flakes (or moth balls) or iodine crystals 
• bunsen, tripod, gauze mat 
• beaker, watch or clock glass, water or ice 

Procedure 
1. Put half a teaspoon of naphthalene in the beaker, cover with the 

watch glass and place the beaker on the gauze mat on the tripod 
over the burner. 

2. Place ice or cool water on the watch glass to help cool the vapour 
inside the beaker after it forms. 

3. Apply heat. Observe the naphthalene ‘disappear’ and crystals 
forming on the under surface of the watch glass. 

Questions 

1. In what ways did the naphthalene change its form? 

2. Did the naphthalene become a new substance or remain as 
naphthalene? 

3. What caused the changes? 

Structure of matter 
Elements and molecules 
What is an atom? 

An atom is the basic unit for building substances. 

Examples:  This is a carbon atom:  This is an oxygen atom:  

These units can be joined together to make substances such as:  

oxygen:  carbon dioxide:  

 

What is an element? 

An element is a substance that cannot be broken down into simpler substances. 

Oxygen is an element.  Hydrogen is an element.  Carbon is an element.  
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Oxygen, hydrogen and carbon cannot be broken down into simpler substances. 

Water is not an element.  It can be broken into hydrogen and oxygen. 

What is a molecule? 

A molecule is a group of atoms joined together. 

Examples: 

 is a molecule containing two oxygen atoms. 

is a molecule containing one  carbon and two oxygen atoms. 

is a molecule containing one  oxygen and two hydrogen 
atoms. 

 

F Activity 3.  Elements 
Students read a paper focusing on a particular element, or research one in the 
library.  As an expert on that element, each is interviewed by another student in 
the group, with the other two acting as reporters taking notes.  The best kind of 
questioning is the open-ended question.  Teachers tend to ask closed questions. 

Questions to ask might include:  

1  What element can you tell us about? 

2  Can you tell us a little about the discovery of this element? 

3  Do you know of any uses for this element? 

4  Are there any chemicals that depend on this element that are important 
to us? 

5  Could you tell us a little about the properties of this element? 

To conclude, if the class is not too big, everyone sits around in a circle and each 
person takes a turn to say one sentence telling something they learnt which was 
interesting. 
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F Activity 4. Electrolysis 
In this experiment you will use electricity to break water up into hydrogen and 
oxygen.  The process is called electrolysis.  It can be used commercially to 
obtain simpler substances from minerals and other chemicals.  For example, if 
salt is melted and kept away from air, electricity will break it up into sodium 
metal and chlorine gas. 

Materials per group 
• 2 test tubes 
• 2 wires 
• beaker of slightly acidified water 
• batteries or DC supply 
• 2 carbon electrodes or nails 

Procedure 
1. Set up the apparatus as shown 

in the diagram. 

2. Switch on the current. 

Questions 

1. If water is H2O, you might expect twice as much hydrogen as oxygen. If 
you did not get twice as much hydrogen as oxygen, suggest a reason 
why not. (Think of water as a mixture and think of fish.) 

2. Does this experiment show water is a mixture, or that it is not an 
element? Why? 

Atoms of an element 

Water contains two kinds of atoms, so it is not an element.   

Symbols used are: H for the hydrogen 
atom, O for the oxygen atom etc. 

Variation: 

Almost all elements contain a very few 
atoms (isotopes) which weigh slightly 
more or less than other atoms of the 
element. For example, oxygen atoms 
usually weigh 16 units but a small 
number of atoms weigh 17 or 18 units. 

 

Single Letters  Two Letters 
Other 

Languages 

H He Na 

C Ne K 

N Ca Fe 

O Mg Ag 

S Al Au 

U Cl Cu 
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Compounds 
A compound is a substance with only one kind of molecule.  This molecule 
contains more than one kind of atom.  Containing more than one kind of atom 
makes it different from an element, which has only one kind of atom. 

Having only one kind of molecule makes it a pure substance not a mixture.  

Examples: 

Water (H2O) contains only one kind of molecule but this molecule contains two 
elements, hydrogen and oxygen. 

Carbon dioxide, the gas we breathe out has the formula CO2.  One molecule 
contains one atom of carbon and two atoms of oxygen. 

Alcohol contains only one kind of molecule but this molecule contains three 
elements, carbon, hydrogen and oxygen. 

F Activity 5. Making a compound 
In this experiment you will make a new substance by making magnesium atoms 
join with oxygen atoms.  Magnesium and oxygen are elements. When they 
combine they form a compound. 

Materials 
• magnesium ribbon 
• tongs 
• candle, lid, matches 

Procedure 

Hold a few centimetres of magnesium ribbon with the tongs and light it. 

Questions 

1  Name some obvious properties of the magnesium and oxygen in the air.  

2  Name some properties of the ash, which is magnesium oxide. 

3  Do compounds have the same properties as the elements from which 
they are composed? 

Summary 

element  + element   compound  

Magnesium  + Oxygen   Magnesium Oxide +  energy 

(shiny metal)  (gas in air)   (white powder)  (light and 
heat) 
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Chemical bonds 
A chemical bond is the force that holds together the atoms in a molecule. 

Example: 

The double line stands for the force holding together the Magnesium atom and 
the Oxygen atom in Magnesium Oxide. 

Valency 

Why is water always H2O? Why is carbon dioxide always CO2? The reason is 
based on how many bonds a hydrogen atom or carbon or oxygen atom can 
make. This is similar to how many hands you have with which you may join 
hands with someone else. With your two hands, you might hold the two hands 
of one other person. Or you might join hands with two (imaginary) one-armed 
people. 

The valency of an atom is the number of chemical bonds that it forms. 

Example:  In a water molecule, the H atom has a valency of 1. The Oxygen 
atom has a valency of 2. 

 

 

 

 

Valency = 1 Valency = 2 Valency = 3 Valency = 4 

Hydrogen Oxygen Aluminium Carbon 

Chlorine Calcium  Silicon 

Sodium Magnesium   

Potassium    

 

Some elements have more than one valency.  Nitrogen, for example, can be 2 
or 4 or other numbers. 
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Formulae of compounds 
A formula shows the number of the different atoms which combine to form the 
compound. For example, H2O is the formula for water. It comes from the 
“structural” picture of the molecule: 

Other examples: 

 CO2 carbon dioxide 

 K2O potassium oxide 

 Al2O3 aluminium oxide 

 O2 oxygen molecule 

 Cl2 chlorine molecule 

 

Notice that there is a double bond between the two oxygen atoms in an oxygen 
molecule and a single bond between the two chlorine atoms in a chlorine 
molecule. 

Rules: 

i. An element in a compound must have the correct number of bonds (as 
given by the valency). 

ii. There must be no unused bonds left over. 

iii. Bonds may be doubled (or sometimes tripled) for elements with 
valencies of 2 or more. 

Compounds 

Some students have 2 free hands (oxygen) while others have only 1 free hand 
(hydrogen—perhaps have one hand in a pocket).  They have to join hands with 
as many people as they need so there are no loose hands.  If several oxygen 
atoms form a chain with hydrogen at the ends or a circle, comment that oxygen 
cannot do this.  However, carbon can.  This gives rise to the exciting world of 
organic chemistry: the study of carbon compounds. 

Ions 
An ion is an atom with a positive or negative electric charge. 

It can also be a group of atoms with a positive or negative charge. 

Ions come in two kinds: positive ions and negative ions. Popular superstition has 
it that positive ions in the air make you feel gloomy and depressed. They are 
found when the sky is dark and it is rainy. Negative ions are found near 
waterfalls and in peaceful forests and are supposed to make you feel happy and 
cheerful. Some years ago it was the fashion to buy small machines called 
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negative ion generators, which sprayed negative ions into your room to make 
you feel good. There is no evidence that positive or negative ions have any 
influence on the way you feel. 

Positive ions only join with negative ions. Also, when they form compounds the 
total strength of all the positive ions must exactly equal the total strength of all the 
negative ions. 
Examples: 

Na+ is a sodium ion. 

Cl– is a chlorine ion. 

Mg2+ is a magnesium ion. 

Counter-example: 

Na is not an ion because it is uncharged. (It is neutral.) 

Ionic Compounds 

An ionic compound is one where the different elements are ions attracted 
together by the force between positive and negative charges. 

Example: 

Table Salt  Na+Cl– 

The crystals contain equal numbers of Na+ and Cl– ions, which stick together 
because + and – charges attract. 

Other Examples: 

Cu2+S2–  K2
+O2–   Na2

+S2–  Mg2+Cl2– 

Note: K2
+O2– Its simple formula is K2O. 

There are two K’s for each O. 

The K ion is +1. The Oxygen ion is –2. 

It takes two K’s to balance the charge on the Oxygen ion. 

Counter-example: 

H2O is not an ionic compound because the H and O are not ions. 

Compound Ions 

Examples: 

SO4
2– sulphate ion OH– hydroxide ion 

NO3
– nitrate ion NH4

+ ammonium ion 

CO3
2– carbonate ion 

These form ionic compounds with other ions. 
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Examples: 

Na+OH– sodium hydroxide Na2
+CO3

2– sodium carbonate 

Ca2+CO3
2– calcium carbonate Ca2+(OH)2

– calcium hydroxide 

NH4
+NO3

– ammonium nitrate (NH4
+)2CO3

2– ammonium carbonate 

F Activity 6  Ionic Compounds 
Make cards for the following ions (showing the formulas and the charge) and 
give a card to each of 22 students: 

4 sodium ions 

2 calcium ions 

3 ammonium ions 

2 copper ions 

3 chloride ions 

1 sulphate ion 

3 carbonate ions 

3 hydroxide ions 

1 nitrate ion 

1  Swap cards several times to jumble them up.  Then find partners to 
give correct formulae.  First students with a correct formula for a 
compound wins.   

2  Others keep playing until all are sitting down in groups.  The group 
works out the way to write the final formula and puts it on a page with 
thick marking pen.  One person from each group calls out the name of 
the compound they have formed and holds up the formula.   

3  This activity can be repeated several times.  Emphasise that the 
number of positive charges must equal the number of negative charges. 
If you need more, throw in another calcium, another copper and two 
oxide ions. That is 24.  To make 26, throw in a silver and another 
nitrate ion. 

Electron shell diagrams are not meant to be drawings of actual atoms. They 
represent certain things about atoms in a convenient way. 

The nucleus is simply shown as a circle. 

The electrons are shown in shells. 
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Electron shells are like houses for electrons. The shells have room for only a 
certain number of electrons. When those rooms are full up, atoms with more 
electrons must place them in others shells further from the nucleus. 

Example: 

The Carbon atom 

In the carbon atom, only the outside 4 electrons can be removed.  
The other 2 are deeper inside and are very hard to remove. 

If the shells fill up, then another shell is started further out. 

The 1st shell fills up after 2 electrons are in it. 

The 2nd shell fills up after 8 electrons are in it. 

The 3rd shell fills up after 8 electrons 
are in it. 

Example: 

The Silicon atom (14 electrons): 

1st shell: 2 electrons (full) 

2nd shell: 8 electrons (full) 

3rd shell: 4 electrons (half-full) 

F Activity 7. Try these electron shells 
Draw electron-shell diagrams for: 

1  Oxygen atom (8 protons, 8 neutrons, 8 electrons) 

2  Neon atom (10 protons, 10 neutrons, 10 electrons) 

3  Chlorine atom (17 protons, 18 neutrons, 17 electrons) 

4  Sodium atom (11 protons, 12 neutrons, 11 electrons) 

 

Electron Shells for Ions 

Electrons have a charge of –1. An atom, which gains an extra electron, gains a 
charge of –1. An atom, which gains two electrons, gains a charge of –2. An 
atom, which loses one or more electrons, has more positive charges in its 
nucleus than there are negatives whizzing around in the electron shells. So it 
becomes a positive ion. Losing one electron gives the atom a charge of +1. 
Losing two electrons gives the atom a charge of +2. 

To help you remember that losing electrons makes the atom positively charged, 
we present to you the following joke: These two atoms were sitting at a bar 
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having a drink and one atom says “Oh! I’ve just lost an electron!” The other 
atom says, “Are you sure?” The first atom says, “I’m positive!” 
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F Activity 8.  More electron shells 
1  Before reading the answers below, draw electron shell diagrams for the 

following ions: 

2  An Oxygen atom (8 protons, 8 neutrons, and 8 electrons) gains 2 
electrons to become an O2– (‘oxide’) ion. 

3  A Chlorine atom (17 protons, 18 neutrons, 17 electrons) gains 1 
electron to become a Cl– (‘chloride’) ion. 

4  A Sodium atom (11 protons, 12 neutrons, 11 electrons) loses 1 electron 
to become a Na+ ion. 

5  What do the oxide, chloride and sodium ions have in common with the 
Neon atom? 

Rule: 

Atoms are “happiest” when their outer electron shell is full. 

(happy = stable). 

The Size of 
an Atom 

Curiously, all 
atoms are about 
the same size. 
They vary from 
about 

0.0000001 
metre to 0.0000000003 metre in diameter. 

You know how big a millimetre is on your ruler. A millimetre is 0.001 metre. A 
one-metre blackboard ruler is divided into a thousand of them. Take one 
millimetre and, just like the blackboard ruler, divide it into a thousand parts. You 
are down to a millionth of a metre. Now divide that into a thousand parts. You 
are down to a nanometre. Now divide that into ten and take between one and 
three of them—you have an atom. Atoms are between 0.1 and 0.3 nanometre in 
diameter.  

Another unit is sometimes used—the Ångstrom. A carbon atom is 3 Ångstroms 
in diameter. 

You might think that heavy atoms such as uranium would be much bigger than 
the carbon atom because they have more electron shells. In fact, the heavy 
positive charge on the nucleus pulls all the shells in tighter. Uranium atoms ‘wear 
their electron clothing closer to their bodies’. 

 


